The motion of a fine viscous inclusion in a viscous medium under zero-g condition is subjected to theoretical examination. This motion can be qualified as an elementary act of the motion of fine phase particles in composition mixtures: suspensions, emulsions, foamed liquid metals, aerosols. It is interesting to notice, when carrying out a theoretical analysis of thermocapillary inclusion dynamics, that attention is usually centered on a description of the behavior of gaseous and liquid inclusions whereas the behavior of solid inclusions is left beyond any considerations. Such a situation can be understood since the theoretical basis commonly used gives no way to describe the behavior of solid inclusion, although the proper experiments are known now. An approach proposed here allows one to describe thermocapillary dynamics of solid, liquid and gaseous inclusions in the reduced gravity (without influence of any other exertions). It may be used in the interpretation of experiments and technological processes with fine particles.
INTRODUCTION
The theory of hydrodynamic capillary processes under conditions with zero-g or reduced gravity is of great importance, at least, for the following cases. Firstly, such a theory will allow one to ascertain various events in the space technique and technology (for example, the behavior of liquid fuel with some inclusions -solid, liquid or gaseous ones -in space vehicles). Secondly, such a theory will focus the attention on the important part of more complex dynamic processes consisting of various other processes with different natures as well (for example, flows which are similar to the gravitation-thermal convection, the electric-magnetic convection both within fluid inclusions and in outer media). The behavior of suspensions in a non-uniform temperature field is very essential for most important scientific fields and technological branches (for example, the motion of refractory materials' particles or slag drops in metal melts). Although in literature there is the theory of motion of bubbles and drops, the absence of theory of the solid particles' thermocapillary motion leads to thought about the necessity of more careful verification of the fundamental equations describing dynamics of foreign inclusions in a viscous medium with a temperature gradient. E-mail: raitch@ipms.kiev.ua Vol. 23, No. 1, 2004 
Comparative Analysis of Theories of Thermocapillary Inclusion Motion Under Zero-Gravity Condition
Some novel prospects in materials science, conditioned by the emergence of space-branch technology, motivated us to test carefully the validity of the scientific basis of methods used for studying and processing of materials under zero-g conditions.
It is known that reduced ("scaled") accelerations (i.e.
the portions of the acceleration due to gravity on the Earth's surface) at a relatively low height (240 km) are equal to very small quantities: from outer gravitation 4.3*10" 7 , from inner gravitation 3.3* 10" 
MODEL. THEORETICAL STUDY
We use here the well-known conventional simple model, that is: an inclusion is immersed in a viscous fluid unlimited (Fig. 1 ). An inclusion material is free from soluble elements. An inclusion is a smooth unchanged sphere that does not interact chemically (or by diffusion) with a medium. There is no convection in a medium. The heat flow is unidirectional. The thermal conductivities and the viscosities of the inclusion and medium are uniform and temperature independent. The temperature field in a medium (without the inclusion's influence) has a constant gradient. Such conditions were adopted in a lot of studies /2-12/. In the work /13/ the model has presupposed the motion in the infinite medium under joint thermocapillary/gravity influence.
In the thermocapillary part of the theory /13/ the method, which takes into account the dependency of the surface (interfacial) energy on the location, was outlined The average "density" of the thermocapillary force in the case of a spherical inclusion is
where G=[dT/dz\ x , is the value of the temperature gradient far from an inclusion, k and k, are the thermal conductivities of the medium and the inclusion, respectively.
Therefore, let us substitute eq. (6) in eq. (5), then let us substitute eq. (5) in eq. (2), and, finally, let us introduce the force term f, under the nabla operation symbol with multiplication by coordinate ζ (just as it was made with other hydrodynamic equations in /16Γ).
where /14/ 
Scheme of the "interfacial energy depending on location": two close consequent locations of an inclusion in a medium with a temperature gradient (temperature Τ is a linear increasing function of height).
(1) an arbitrary location (an inclusion center at z=z,);
(2) a consequent location of this inclusion (an inclusion center at ζ=ζ : =ζι+Δζ).
Ε is the interfacial (surface) energy. E t and E 2 are the energies corresponding to locations of an inclusion center at z=z/ and z 2 , respectively. As a result we obtain
viscous inclusion ("drop") as a whole:
The only distinguishing feature of the set containing eqs. (1) and (10) The boundary conditions are expressed by the equations set (in spherical coordinates)
= 0,
r=n Eq. (11) denotes the absence of the radial components of the velocities. Eq. (12) denotes the continuity of the tangent components of the velocities, i.e. the absence of slip. Eq. (13) denotes the continuity of the radial components of the viscous stresses tensor (taking into account the curvature of the inclusion surface by the term 2σ/r). Eq. (14) denotes the continuity of the tangent components of the viscous stresses tensor (taking into account the variation of σ by the term (l/r)da/d&).
The solution of the problem expressed by eqs. 
The double limiting transition α-»0, ß-»0 in eq. 3. DISCUSSION (18) Let us apply the limiting transition η, -* oo to eq.
limmto^L,-+0O =MyG5,j =0 . (15) and (18) (ata-0)
another scaled velocity , in which the denominator is u h (20) , will be equal to 3.5/4-0.9. Thus, the calculation based on the equations derived in /13/ (see eq. (15) The following circumstances should be emphasized.
The fact that the value σ τ in the cases of drops and bubbles determined by equations like (18) or (23) 
2υη
Simultaneous solution of the set (1), (10), (3), (4) with the boundary conditions (11)- (14) This examination, i.e. obtaining the RybzcynskiHadamard law through solution of the set (1), (10), (3), (4) after replacement of the motive force (as it is mentioned above:
may be an argument for the validity of the approach contained in /13/.
It is known that determination of the tension on the solid/liquid boundary has always been a problem.
However, this parameter reflects a very important aspect of interface phenomena and is of great interest.
Note that experiments with solid inclusions in liquid media under non-uniform temperature, μ-g and zero-g conditions, might clarify some ambiguities and questionable items mentioned above.
Using eq. (15) it is easy to obtain the equations for the interfacial (surface) temperature coefficients, analogous to the coefficient a 7]s (25) , for the cases of a drop and a bubble as well:
<7T,b = , (a=0, β=0; bubble) (27) It is clear that eqs. 
CONCLUSION'
What should be done in the field of thermocapillary particle motion as a next step?
The problem of improving the accuracy of experiments is very important. The problem is to separate, with good reliability, the influences of temperature and concentrations of impurities /8,27/. Non-uniformity of the viscosity due to the non-uniform temperature may play its part as well /14/; thus it is necessary to take this important factor into consideration in the future.
The theory, which might be the scientific basis of the research method, ought to be developed more rigorously than it has been until now. Many essential elucidations for understanding interaction between foreign inclusions (mainly, solid particles) and surrounding fluid phases could be obtained from the proper space-experiments designed and organized most efficiently.
When analyzing the dynamics of a bubble during its formation at orifice submerged in a liquid with temperature gradient, it is necessary to account for the bubble's changed shape during three of four stages of this process (at "under critical growth", "critical growth" and "necking" /28/). During the stages named, the thermocapillary force must be described by taking into account the shape of a bubble, which is very different from the sphere, i.e. not by eq. (6). However,
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when a bubble comes off and becomes spherical, eq. (6) may be used for description of the thermocapillary force acting on a bubble.
The chemical content of gas in a bubble can be of great importance /12/, in particular, for the state of the surface of the inclusion and, hence, for a type of contact inclusion/medium. For example, if a bubble which is submerged in Al melt contains oxygen, then a thin layer of alumina might appear on the inclusion's surface; thus a contact between an inclusion and a medium will transform from the gas/liquid type to the solid/liquid type (namely, Al 2 0 3 (sol.)/Al(liq.)). This must determine the choice between eqs. (16) and (17) or their modifications for the analysis of inclusion's behavior.
With regard to the technological applications the right understanding and adequate mathematical expressions, for example, on the behavior of carbon particles in metallurgical melts under various nonuniformities 1291 is a very important factor in highquality metallurgy. The theoretical approach /13/ might be useful in the analysis of complex processes where the thermocapillary motion might play an essential part.
